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Abstract 



PURPOSETo alternately perform an ALE and a VPE without exposing a substrate with the 
atmosphere and without cooling it to the ambient temperature by narrowing between an inner 
wall of a reaction tube and the substrate on an ALP executing region, extending it on a VPE 
executing region, and optimizing material gas flowing speeds on the regions. 
CONSTITUTION:One reaction tube 1 is defined on an ALF optimized region and a VPE 
optimized region, a substrate 8 is moved to the regions by a susceptor 7, and a compound 
semiconductor layer of a molecular layer and an atomic layer by a crystalline growth of VPE 
and an ALF is formed. In this case, the flowing speed of the material gas in the tube 1 is set to a 
limit value or more for exhibiting a self-limiting effect on the ALE optimized region and to a limit 
value or less on the VPE optimized region. Thus, a sectional area of the tube 1 is reduced on 
the ALE optimized region and increased on the VPE optimized region. In this manner, the ALE 
and the VPE are alternately executed. 



<19)Q*BH«OT (J P) (12) & ^ & $g (A) 



(U)MMIHfill** 

&HW5-47666 

(43)&P1B ¥b£5if (1993) 2 £26B 



(SDInta* 
H0 1L 21/205 



7454 -4M 



F 1 



SSEBI* *SS* H*«©»3(± 7 H) 





#H¥3- 202082 




000005223 










<22)tfMB 


¥$3^(1991) 8 J313B 




♦f»*ill«ilW**BK±/MD+1015#«! 








































#*iii»iii«m+RK±/jNffl+ioi5»«i 














C72)»W* 










#*JMJ&JII«Tfj+RK k/J\ffl + 1015#ffe 














(74)ft^A 





(54) [%9?£>£ft] Sfctfggfi 



(57) mm 

*£«>©ftffiticfi£fit;:giU H-f*>J*»***T* 

* x & ra«fc««-r (vpe) t pj« 
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1 

X t K«a«JHJH»#x t ft + \zm A LTKRJS 

£ftB&fc££ft4M&r*ftffid«SB. 

[B*H 2 3 BCB l o«*£*»*ftME*«ftR# 

5 MEttft&R#X 0ttBtfttEK8HTT» SeitS 
W»fT<5B*Jfi 1 Ett®»S/£&gtt. 

**B#1 1 Ett®attj£5SB. 
[0 0 0 1] 

A * Bfi/f x ftffl ^T¥*#B ft x fcf * + v * )Vf&Si £ 
**&*©BBfcBT*. 
[0 0 0 23 

fcttft^^BftftBrt-rs^ftsw-r^HW/rxo *<? 

B»»^ll»BOB»*xnB©RiSK:J:oT ( 
*#Bft*«±^«fi$ii-saffi*S*J5fe(CVD:cheinica 
I vapor deposi tion^fcteVPE: vapor phase epitaxOtf* 

ftWJfl LTftft**»*Bft-»^Bro*«*** f 
t^^SIg^Bxe^^vCALEiatomic layer epi-tax 

B^-^©*»#BA^J«<5pn«'&^'\'rD«&ftiWai 
[0 0 0 33 

[WW^ttLi-St-r^BBJ L*Lfc*«S. ALE 

a. a*, B-f*>*»ft«irr**«^R#xtB-f 
*>*»ft**-rsH»*xtftsaicsjsff+Jcwx 

tfVPElCjfc^CTftl*. Lft^T, -oO*W#SBJC 
fciar, tfc«WBI*©*#^:i|t*#B©»rtKttvpEft 

ALEtVPE©3R*ft*lfiT€r^»fflj«fiSH*^fflfl:$n 50 



&H¥5 -4 7 6 6 6 

2 

TUfcK COfc^lC, Sfift, «AfcfllLE#ffl<Z>«ffi 
«fiSB*^VPE*ffl©ffl©»ffirtfi8Bfc»U«^-& 

snT^^n^w^^t. ±Ea«d6«« 

BB0*L*A.I»fcaHEB«ft-fia»*t?»»1-a« 
B#**«fcft, -rTfc**bfc*«*B*Jt«Ett**ft 
B1M*JP*B* CCD_Llc£bic/£ 

Ac. ±E©J:5fe-Bo»«**BBft. KS»«<J« 
^D-FDy^lSBCJcOfiaBLTti. 

[0 0 0 43 SCft*A>t>lcBDU-rj»& 
LIC. *fifc*ai"r-5i^Bt>3G:LKALEi:VPEi:ft 

xa«c*ispiiBi:*r5ft***«Bft««"r*rtftB 

£tf>VPE£LTIi, ALE^ni^BBoSfMKO) 
*«*Bft^«JftJR»^xi:LTfflt»-5M0VPE(melaI or 
ganic VPE)ftj8Jfl*f*. 
[0 0 0 5] 

[»«*#*?-*&«>©¥»] ±EBW«. '>U<t*> 

B-f *>*»ft**r*«»»xjft«»«*R^e*DB 

^*>*»ft*^«BI»»Xi:K»B<WB»*Xt 
ftRlBflr+^WAbTKjEJgflf+JcBB^nfcaitRit 
ttB-f *>*»tB-f t>*^5«^«oiSi 
Bft«ft3li-*MflJ8*»BT*oT, *<0rtS£:S9E 
tt*t©B*«*Bt*nTViSB l 
K»*t©B3WtB*nx^ftB2©««tft«rftB 
EE***, ttBEOTeABlCfct'TttESttftttE 

»i<o««t»2o««t©iat»»$-a:5^at. w 

ESS 1 fc<fctfS& 2 <D«#oD*n*nic£i>T«S«ftBr 
feffl«tADBT*fc«)0^atft«Afc^tft»«i:'r 
S*BWfc«6»»j««BBfcJ:t)TJi*sn*. 
[0 0 06] 

[fWfl] ALEKfcUTtt, B-f *>*»ft**r«*B 
^fi^^I^Xc^ * >*»ft*#r*B»* 
xtftEaWrtBHSESfcBAT^crtfc^iH^Bofc 

[0 0 0 73 ±E©<fc5ttir^7Uax-f >y»*^a 

ft, ft*+TB»*t^Bfc*filcK»$1i:S^t** 

*Mrc*sfc*£#*.ens. -rat)*, asa-cam* 

»ffB©JSattBaicElfc«M-*©-C, fiS«ftK<LT 
«tJWBft»<-r*;i£:l;:<fcoT, B»;tfZiW«>*K« 
*BfttSB^IiBlc-r-6o 
[0 0 0 8] ««J IT h 'J >f JWU 

o a (tmg) coj: o fcGm&m4k&®*m UTALEK ± 0 X 
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(3 

3 

U^Altt*(GaAs)Sj«fi$ia:«»&&Wlc < !:St, ±|B 

[0 0 0 9] ±E<&«fflJlte, »>T*>rt»a)|R»^ 
W^tf7;i/v>(AsHi)^»A$n«5t21tltS: 

»©GaAslBa^«fi-r-6. ifl 
[0 0 10] itecD^^lC, ALH&m£?*ftj|Lj|0) 

t\Z±oXfrl£Z>±.m&$>Z>. £<OJP£0«#jg££Si 
[0 0 11] MOVPEfc^fcHTtt. ftffi+fcjstt* 

^ittT^n. IfdbT, MOVPElCfctt*^ 

[0 0 12] *«WK*ViTtt < ±E©<fcpJC, S«« 

u MovpE&aaB-r^awTttjta-r^^tfcj: 

ALE UHbtRdtt 
grMSCcm 2 ) 5.0 
JgRKci) 0.5 
*"f. *S8SM0VPE«afl:1B«^»i(ILTfe<. fijg 

zi&Rmmm<D\i-?tLiti*R» l gi<Dn>mzKm2ti 

fc»*lm»3-f^teJ;t>TjDl»U S«8£70<rCfc« 

[0 0 16] AsfoafcA&WtfctfS, /ty^2a^6R 
KftlrtS^TIIG&aiA-ra. TMCfc^t/Asfo 40 

co^s^-en-fniosccMi5i^5oosccM(cig^L, asfe 

TS. C©«JBTIiM0VPBflkafb««lC*WSTMGO«a 

r*. -rat>^ ( MovEPfcj;*ea«ft^fTt>n*. ^ 

[0 0 17] #V>T, ^^7 2^e©TMG©^A^f?ih 
U #>^3*S<DA5Hi0»A£»RM*l*, E <Dm\zm 50 



#W5-4 7 6 6 6 
* [0 0 13] 

mzmmtemmm&'bz < intern i <r>mm^mmit 
mm t, wffia^*^<^nfc»2©<B«(MovPEfta 

a. 

[0 0 1 4] jRjMFi <Z)rt«Jctt f «AB^7 7 7>f h 

A^**^-fe^7^»B$nr^o. dOD±ic, 0JA 

tfGaAstta^efiESSS8^«e$nTV»S. it-fe^ 
7 fi, MAtfEiSff 1 ©**|fi)fwS«E-r5#«<0»»« 
*9«C«tt$nT*D, »M«K«!9&, 
$MC«fcoX*aA#|Rl(C«i!rt" -SdttCJl^T. ffiEAL 

[0 0 15] 

movpe amim* 

50 
5.0 

fo8£ALEmm4tmmz&®'?z>ttb\z, ssstfsoo 
t;tas«fc5fc-y--fe^7©ffla$pijeufco!)^ f as 

H 3 <D»A£#ltr*. 

[0 0 18] *lr>T, A*77 4 lftlcTMAfc 
#A*T^o £<0£#<B™A<08ttB£2OSCCMfcafcU R 

cco«fiix«, ALE&mitmmz&ttzmvffiffit 

*MlcftnJB^JBoAI^«sr*. 

[0 0 19] #V>X, ±EA*:7^4fr£<DTMA<Z>2£A£ 
ffitf S*eirtac*>^3A^©AsH3 
^^Atl)c CntCcfcO, »«8*ffitJiAIAs©r»^ 

[0 0 2 0] ^^T, n^74^6©TMA©«A*#± 
*T<5 /1^7 2^€»TMG£*A*r*. 

©™G<OSSEft*20SCCM«C»«L, 1 ft<D)BE*}&«20T 

LE«3Bfl:fli«fc*5tt«»™G©«attWE-fe^7 'J 
>^»*ft*i;*llta»9. «S8«ffilCtt-R^BC!) 
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(4) ^^¥5-4 7 6 6 6 

5 6 

[0 0 2 1] ±ISA*y^2^e<OTMGCO^A^ * ^ (MOVPE^^tM^) Kfo'glKD 

[0 0 2 2] ±§EALE(C<fc£AlAs<hGaAs<Df&g£$OjI ^5. t<0tt#0ftffltctttt*n;fc:ia 

L Tff o THf a©J» * ©SWBIMHB fc^fST*. - © » Lfc*>#JK «fc o T*©rt«i»«*a*« Affile $ 

xe©«»<0#>^3A^©AsH3<0*A*«tt*IHt, tlT^*. ALEgaft®i££MOVPEgjlft:&«£<0 

»fi8€rH«M0VPE«afls««lc»»-r*i:tt>«C, 700 »*»iEfctt, K*«ll&»iibTJR»*X»A«13*t 

£JSV1 Aai*/ty7 2a^&TMG««ATd. £ W [0 0 2 4) Rj6ffll©rt»fctt, ^^77>f h 

Sfi8±lC. *-vyyfitLT»S100nm©G ^£/**Rtttt©«ttz:/*14#, ##<0#l&««15i::«fc 

aAsltJt£&ft3tt*. r>T«»SftTl>*. tf-fcr/^Ufctt, 0)AtfGaAsl6A 

[0 0 2 3] H2tt*56MS: f t*b«>*^A---a!0« 3^6ttdXfil7«t, M«12fc#ftTS «fc3KUTB£2 

&&£mizmmLtzm&<Dm&^m7s:mmmmT?& -*\z*'oT*mk t Aii5}fa\zmwi'tzzt\zj:-oT. 

«(ALE*Sgfc««) Wffi«^*€f<Snfc*2fl!>«* [0 0 2 5] 

ALE HMUH« MOVPE WWCm 

Kffi8Kctf) 50 530 

IBB(ca> l 10 

H2(b)l:*t<t5K:, **17£M0VPEMHfc»* 5. ^©ttft-Ctt, SSn^ffli^TUA^T***^*©* 

JRfi«A*A«130-r?S3ii;TR*:«llrt«ICAsH3& t^7U5f^ >^»*££i;afii£fcr) f SSl7*ffi 

•Abfc#6, D~t7*uz, mzttzLtiiztomztiT (cttziiH^jioAi^fi-rs. 

t^5fttSJn»S!Ot-^*fcttjEiS«110»«fB^»«^ [0 0 2 9] ««Bl2^S©TMA<Z)»A&ffJh-r 

*XfcB»lD»3-f JHC±oTJD»U S^17^700rtC ^xhtfcK, *«12S5ii;TSJSffllrt«fcAsH8 &*A 

fcfc, BHIlDJRa-f^ftfflv^ilftlcKJ:, U- unteJcD, S«17^ffilctt-^^CDAlAs^ 

5tcLTfccfcl*££fcW5£T<bfc^. [0 0 3 0] AsHsO<3!)»A*»±"r5ti:'b 

[0 0 2 6] AsHsOSAfcttttfca**, fc. SB«Bl2j&>e,TllG£*A-rS. £©<h £<DTMG(Dffi§£ 

A«13&iii:TR«?«llrt«CTMG&*A-r4 B 20SCCMfcR£U E*« 1 l*30JE;WlOTorr 5 

^icTMG^cj:t;Asfl3<D«im^-tn^n2osccM*5 t t^5oosc ic#«a«sw«-r5. ALEM4MM 

^Dsictenj^-f, ^nejR»*A*«ftia«-c»»«u [0031] *^-c. tmg©»a€»±u ««i2*>£ 

Ts*Ri7«sf^a«-r«. -rtttos. MovEPtc<t^>^s E^wirtafcAsftftWA-rft. -nicto, i^ng 

Jfcfttffrfrtt*. JUDiifcLT, *«17±t;:jP3500ii 40 ffiU2¥#^JB©GaAsj&nSfi?"*. ±I2ALE{C ££AlAs 

D©GaAs1££&j£ft£ it <hGaAs©j£&£& 0 £ LTfTt? TWa©JP$ 

[0 0 2 7] *V*T. JB»^fAlBAei3^e<DTIIGO» TJUfcflMW*. -^©©"5, m 2 (b) fc«t"J; 5 \Z, & 

AfcffjfcU AsH»<0»A**«ra», il©WK, m 2 «17*HtflI0VPEaaft««IC»ft-r«^tt>fc f 700t: 

(a) 3 lc, g«17£ALEgSfcffi«K£!b?-*£ K«#3n* J: 5 Kir 7#l4(DUm*mB?Z>* 

tb\z, mmi7f}^oo'c\zfsi^^o\z^±:^^i4<DWLm x, mm2frt><DAs&<Dm\t:&±'rz>tt'b\z, mn 

ZmBLfcO)**, K»#X»AS13*»£©AsH><D«A£ »X»Affl3*^ElB«llrtaiCTMG*5«J;r;AsH3 S»A 

[0 0 2 8] *«12*^E*1S 1 rttCTttA^^ lOOninOGaAslSa&d&fiS'e:*. 

AT^o 2KOt#©TMA©»fi«:20SCCM»C»^b > E* [0 0 3 2] ±E*lfi«t*5^Ttt, GaAs*^*^S« 
ffllrtOJBE^MOTorrt^Sct^lCftSljiK^BMlS-r 50 ±tGaAsttft*«tr«aAstAlAs^e»*5S*ja» : ?-^ 
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(5) 

7 

1" 5 t> J&*»fl *Jf£T ^^tttf^STt) 

X USaffijftfiSWES&ttCVD) £ALE<h#/B LX 
[0 0 3 3] 



#BB¥5-4 7 6 6 6 

[1^ 1 ] *%W<Dm 1 0*JB0»J^^Efl 
[0 2 ] *5gWG>« 2 <0%K«|Rma 

imam®] 

1 . 11 R«W 

2, 4 A # ^7 
3 

5 , 1 2 

6 YX70-3>hn-7 

7 , 14 U-t^ 

8, 17 Sffi 

9, 15 ^at^ 

1 3 MftflXgAlf 



—467- 



(6) 



«pRl¥5-4 7 6 6 6 



II] 



< 
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